Aims: The aim of this audit was to analyze the risk factors that have contributed to maternal deaths in a tertiary care institution and to identify the cause of death as well as determine the preventability of death.
INTRODUCTION
The maternal mortality ratio (MMR) is a very sensitive index of maternal and child health (MCH) care available in a community. About 800 women die from pregnancy or childbirth-related complications around the world every day. In 2013, 289,000 women died during and following pregnancy and childbirth. Among these, 99% of all deaths have occurred in developing countries, and most could have been prevented. 1 In September 2000, at the Millennium Summit in New York, Millennium Development Goals (MDGs) were created, and the MDG 5 is to improve maternal health. The MDG 5 goal aims to reduce the MMR by 75% from 1990 to 2015. 2 Between 1990 and 2013, maternal mortality worldwide dropped by almost 50%. 1 Approximately 25% of all pregnancyand childbirth-related maternal deaths globally occur in India. 3 In order to improve the maternal health care, 5 Pathak et al 6 have reported more number of deaths at urban tertiary care centers compared with the tertiary care centers situated in the peripheries.
AIMS
This audit was undertaken to analyze the factors that have contributed to maternal deaths, ascertain the cause of death, and determine the preventability of these deaths in a tertiary care center where facilities in terms of personnel, infrastructure, equipment, critical care units, and blood transfusion facilities are available.
MATeRIALS AND MeTHODS
This was a retrospective analytical study conducted in a tertiary care hospital, which receives referrals from district and primary health centers, corporation hospitals, private hospitals, and nursing homes and from other tertiary care centers. During the study period from January 2009 to December 2010, there were 61 maternal deaths. The audit involved detailed reviewing of the medical records of these 61 women who died during the antenatal, intrapartum, and postpartum periods, and the relevant data were collected, such as demographic and obstetric details: Age, parity, antenatal booking status, details of referral, condition of patient on admission, mode of delivery, traveling distance, and associated comorbid conditions. The underlying cause of death -the direct and indirect causes -and the possibility of preventing these deaths were identified after careful auditing. 92.30% of their cases were unbooked. As more than 30% of deaths have occurred in women who were unbooked, there is a dire need to keep educating the public about the importance of adequate antenatal care and delivery by trained personnel. Analyzing the condition of the patient on admission, 18 patients (29.5%) were admitted in a moribund condition (near-death cases), and they died within 12 hours of admission. A total of 22 patients (36%) were admitted in a critical condition (seriously ill cases), and they died within 72 hours of admission. A total of 21 patients (34.4%) were in a stable state on admission, but had some risk factors. Analysis of time interval from admission to death showed that nearly 41% of deaths have occurred within 24 hours of admission (Table 1 ). Similar to our report, Puri et al 7 also observed that in 45% of women, maternal deaths occurred within 24 hours of admission. The above finding highlights the importance of referring facilities anticipating and identifying complications early and make timely referral to a higher center. Among the 61 women, maternal death occurred in the antenatal period in 16 cases (26.2%) and in the postpartum period in 45 cases (73.7%). Postnatal deaths included 25 deaths after vaginal delivery (55.5%), 17 deaths following cesarean section (37.7%), and 3 deaths following instrument delivery (6.6%). Among these, obstetric hysterectomy was done in five cases, in two cases following vaginal delivery, and in three cases following cesarean section. The audit showed that 27 deaths (44.3%) were due to direct obstetrical causes and 34 deaths (55.7%) were due to indirect causes (Table 2) . Contrary to our analysis, in most of the reports, direct obstetrical causes account for more than 50% of the cases. 7 Among the direct obstetrical deaths, hemorrhage was the leading cause of death in 15 cases (55.5%), pregnancy-induced hypertension (PIH) and eclampsia in 9 cases (33.3%), sepsis in 1 case (3.7%), and amniotic fluid embolism (AFE) in 2 cases (7.4%). The indirect obstetrical deaths resulted from anemia in 
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10 cases (29.4%), heart disease in 10 cases (29.4%), fever in 9 cases (26.5%), and pulmonary embolism, acute fatty liver, septicemia, and neurological complication in 1 case each. Among the indirect causes, anemia and heart disease were the commonest cause of death.
Deaths due to Hemorrhage
There were 15 deaths due to hemorrhage, which accounted for 24.6% of all maternal deaths and 55.5% of direct causes. Our finding is similar to that of global figures where hemorrhage accounts for nearly 25% of all maternal deaths. 8 A Federation of Obstetric and Gynaecological Societies of India study based on institutional data also shows that hemorrhage is the leading cause of death in the southern parts of India. 9 Among the 15 deaths, 6 cases were referred from other centers in a critical condition. The cause of death in these cases were acute inversion of uterus in one case, retained placenta in two cases, traumatic postpartum hemorrhage (PPH) in two cases, and atonic PPH in one case. This case was also complicated by disseminated intravascular coagulation. These findings highlight the importance of periodical training of personnel in emergency obstetric care as well as in the management of acute events, such as inversions using simulators.
There were nine cases that delivered at the institution and developed PPH. In one of them, there was severe derangement of hematological parameters due to dengue. One another case was complicated with eclampsia, abruption, and (HELLP) syndrome, characterized by hemolysis, elevated liver enzyme levels, and a low platelet count. In the other seven cases, maternal death could have been averted. In four of them, previous cesarean section was complicated with major degree of placenta previa, and they developed massive PPH on the table. In two of these cases, placenta previa was further complicated by adherent placenta, which was not diagnosed in the antenatal period. In the remaining three cases, PPH developed after primary cesarean section in two cases and following vaginal delivery in one case. Careful analysis of these case records shows the following findings: Blood loss was not replaced adequately on time, conservative management was pursued for a longer period of time before resorting to hysterectomy, and the senior clinicians were involved in the management only at the end stage.
The above findings suggest that with careful planning, death due to the above reasons can be potentially prevented. There should be local guidelines and recommendations to prevent such deaths. With the increasing rates of cesarean section, the incidence of placenta previa is also on the rise. Therefore, all cases of previous cesarean sections should have a third trimester scan to rule out placenta previa. In the presence of placenta previa, further evaluation should be carried out to rule out adherent placenta. Anticipating complications, management of such cases should be planned in advance with a team of clinicians including anesthesiologists, blood bank officials, and, if necessary, interventional radiologists. Patient should be counseled well and consent should be taken for hysterectomy prior to surgery. There should be a massive blood loss protocol, and timely and adequate replacement of blood and blood products is important.
Deaths due to Hypertensive Disorders
There were nine maternal deaths (14.75%) due to hypertension/preeclamptic toxemia (PET)/eclampsia. The cause of death in these cases was pulmonary edema in two cases, pulmonary edema with acute renal failure in four cases, intracranial hemorrhage in one case, HELLP syndrome in one case, and hepatic failure in one case. Among these nine cases, eight were admitted in a critical condition with various complications. In these cases, there should have been emphasis on effective community care, adequate control of hypertension, timely use of magnesium sulfate, and early referral to higher centers.
In one case, death could have been potentially prevented. She delivered at the institution by cesarean section for severe PET, and she developed eclampsia with pulmonary edema in the postpartum period. Effective blood pressure control and use of magnesium sulfate in the postpartum period would have prevented death in this case. It should be emphasized that care in the postpartum period should be the same as that in the antepartum period.
Death due to Sepsis
There was one death due to sepsis. The patient was referred on the 4th day following cesarean section with severe sepsis and septicemia. The patient was moribund on admission.
Deaths due to Anemia
There were 10 maternal deaths due to severe anemia, and all were admitted with a hemoglobin level of 2 to 3 gm. They were admitted in critical condition with congestive cardiac failure. This finding highlights the need for implementing measures to prevent anemia at the grassroots level including promoting awareness among the public.
Deaths due to Fever
There were nine maternal deaths due to fever, and all were admitted in a critical condition. The cause of death in these cases were cerebral malaria in one case, human immunodeficiency virus infection with multisystem involvement in one case, miliary tuberculosis in one case, and infective polyneuritis with quadriparesis in one case. In the remaining five cases, the cause of fever could not be ascertained, and a presumptive diagnosis of viral myocarditis was made. During the study period, there was an epidemic of H1N1 influenza virus infection and as the patient presented with fever with breathlessness, swine flu was suspected, and she was started on tablet oseltamivir after taking necessary swabs for H1N1 infection, but all were reported negative. As these cases presented initially with flu-like symptoms, vaccinating pregnant mothers against seasonal flu may help in the reduction of MMR.
Deaths due to Cardiac Disease
There were 10 maternal deaths due to cardiac disease. Two were suffering from primary pulmonary hypertension and the other eight were suffering from multivalvular disease with congestive cardiac failure.
Deaths due to Amniotic Fluid embolism
In two deaths, a diagnosis of AFE was made, as they presented with typical signs and symptoms of AFE with acute-onset unexplained breathlessness/cyanosis/ hypotension within 12 hours of delivery.
CONCLUSION
The time limit for MDG 5 is fast approaching, and it is time to see what we have achieved so far and what more has to be done to reduce the MMR further in the future. Though the major burden of maternal deaths on the institutions is from the referral units, in a small proportion of cases, maternal deaths do occur at the institutional level as well. This audit has shown that hemorrhage is the leading cause of death even at the institutional level. By carrying out periodical audits like this, one can obtain valuable information that will throw light into areas which need further strengthening, such as the need for involving senior clinicians in all high-risk cases. The audit would be successful if confidentiality is maintained and at the same time aim to improve the standard of care provided to our women. Not only community-based programs, but also strengthening of standard of care at the institutional level is important.
